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Abstract 
Methods based on flow measurement and pressure measurement were employed in this paper to determine 
pressure relief scope of gas drainage boreholes for coal and gas outburst prevention and control. In order to measure 
the extent of pressure relief, the principle to choose proper sites was set up based on general gas geology features. 
The data acquired from underground testing showed that the risk of coal and gas outbursts has been eliminated in the 
scope of pressure relief. The exclusive method developed in the research could be utilized as the guidance for the 
future optimization of parameters for hydraulic flushing borehole arrangement. 
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Conducted from roadways deployed in the floor, hydraulic flushing, with high-pressure water jet to 
break coal and to wash out part of the coal and gas from boreholes, can reduce the pressure around 
boreholes, relieve stress and increase gas permeability, and thus improve gas drainage effect. This 
technique is used to enhance gas drainage, and eliminate coal and gas outburst hazard and finally ensure 
safe and rapid roadway development [1-5]. After large volume of gas and coal is washed out, an area of low 
gas pressure and low gas content will be formed around the borehole, but the scope of this area is not 
visually clear and needs to be measured for the purpose of outburst prevention and control. Underground 
on site measurement methods have been used to measure the pressure relief scope of hydraulic flushing 
borehole, because it not only can provide basis for arranging boreholes reasonably, but also can prevent 
the areas with outburst risk caused by unreasonable borehole arrangement. 
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1. Backgrounds of the Test site    
The test site is panel YX001 Yian mine, which is close to panel 12071 and no other panels around the 
area. And between them, there is roadway protecting coal pillar of one hundred and eighty meters in 
length. The elevation of coal seam ranges from -450 to -300 meters and its average thickness is 4.8m with 
inclination angle in the range of 3-10 degree. The coal seam structure is simple, but the thickness of the 
coal seam changes tremendously. That gas content measured in the II1 coal seam is 14.52m3/t with gas 
pressure of 1.51MPa and strength coefficient（f）between 0.21 and 0.27, which can be classified as type 
III based on its degree of tectonic disturbance. Because of low permeability, high gas pressure and stress 
of the coal seam, drilling is difficult and the gas drainage effect is poor. Panel YX001’s floor roadway 
and YX001 rail transport roadway are designed outward staggered with 8.5 meters, and the floor roadway 
is 8 meters away from the coal seam. There is one drilling site for every 30 meters with boreholes 
arranged in the drilling sites, which is used to protect railway transport roadway excavation in the panel 
YX001 and eliminate coal and gas outbursts hazard. 
2. Site inspection of the pressure relief scope of hydraulic flushing bore hole 
2.1 Flow measurement of borehole pressure relief scope 
Hydraulic flushing is an effective and efficient method that utilizes high pressure water jet to cut and 
break coal mass around a borehole. Coal will be broken, thus form pressure relief scope and the fissure 
will be increased and connected. According to gas radial flow theory [6-7], gas migration will occur around 
the pressure relief scope because of the existing of pressure gradient, permeability coefficient will be 
increased, bore hole gas drainage will be raised substantially. Through analyzing the gas drainage density 
before and after flushing the bore hole, the pressure relief scope caused by high pressure water jet can be 
determined. 
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Fig.1 layout diagram of the coal meeting points 
As showed in the fig.1, the 4#, 8#,10#,14# boreholes are drilled first at the second drilling site in 
YX001 floor roadway, and then 9# borehole is drilled, all the borehole of which should drill across the 
coal seam thoroughly, and should be sealed and connected to the drainage pipeline to measure the gas 
flow rate after the drilling. Using 9# bore hole as the hydraulic flushing borehole, 4#,8#,10#,14# 
boreholes are monitored and tested. The distances between the two kinds of bore holes are ranging from 
5.8 meters to 7.6meters. After the drilling of 9# bore hole, hydraulic flushing experiment should be 
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geared into it as soon as possible. The gas flow rates of 4#, 8#, 10#, 14# boreholes are measured every 
five minutes with totally 5 measurements for a single borehole. 
The length of 9# borehole in coal seam is 1.8 meters, and the amount of the coal washed out is 3 tons. 
The gas flow rates of borehole 4#, 8#, 10#, 14# have been measured before, during and after the hydraulic 
flushing process, as shown in the Fig.2-5. As shown in fig.2, the maximum gas flow rate of 4# borehole is 
0.022m3/min, about 3-4 times higher than that measured before hydraulic flushing. The maximum gas 
flow rate of 8#,10#,14# boreholes are 0.05m3/min, 0.04m3/min, 0.024m3/min respectively, all of which 
are 4~6 times than that measured before hydraulic flushing respectively. The above data shows that the 
four bore holes lies in the pressure relief scope. 
2.2 Pressure measurement of bore holes pressure relief scope 
Pressure measurement is another method that be used to determine pressure relief scope caused by 
high pressure water jet. The basis of this method is that fissures in coal will be increased and the gas 
pressure will be lowered in the scope influenced by high pressure water jet, so the pressure relief scope 
can be measured by the data of th pressure gauge readings. 
 
Fig.2 Gas flow rate change diagram at 4# bore hole 
 
Fig.3  Gas flow rate change diagram at 8# bore hole 
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Fig.4  Gas flow rate change diagram at 10# bore hole 
 
Fig.5 Gas flow rate change diagram at 14# bore hole 
As illustrated in the fig.6, there are two pressure hole at 3# drilling site in panel YX001 floor roadway, 
the distance between borehole 1# and borehole 2# is 11 meters. Hydraulic flushing boreholes are arranged 
beside them respectively, which are called as 1″and 2″. The distance between 1″and borehole 1# in coal 
seam is 7.5 meters, and that of 2″and 2# hole is 8 meters. 
 
Fig.6 Layout of the holes been inspected 
 
Fig. 7 The curve of relationship between gas pressure and flushing time at the 1st bore hole 
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Fig.8 The curve of relationship between gas   pressure and flushing time at the 2th bore hole 
The pressures measured in borehole 1# and borehole 2# bore are 0.12MPa and 0.8MPa respectively. 
The pressure gauge readings have an upward pattern initially in the course of hydraulic flushing, as is 
seen from Fig 7 and Fig 8. The phenomenon is probably caused by the increased pore pressure formed in 
the coal because of the dynamic pressure acted on the coal mass surface by high pressure water jet. But as 
the hydraulic flushing continues, the coal mass experiences damage by shear stress gradually and 
continuously until it collapse; and at the same time, the pressures of the two monitored boreholes decrease 
with the same trends continuously until they finally fall to zero when water jet maximum shear stress 
exceeds the shear strength of coal. The data measured indicate that 1# and 2# borehole are both in the 
pressure relief scope. Fig.7and Fig. 8 are the curves of the relationship of gas pressure with time at 
borehole 1# and borehole 2# respectively. 
The radius of the pressure relief scope is more than 7.6m by borehole flow; and it is in the range of 
7.5-8.0m by pressure measurement. The intersection of the two measurements is in the range of 7.6-8.0m, 
which can be confirmed by other ways. 
3. Validation of the pressure relief scope 
Before the implementation of hydraulic flushing, four pairs of gas contents and gas pressures of panel 
YX001 have been measured, as shown in Table1. Coal seam gas contents of this area are ranging from 
8.93-9.87m3/t with the average value 9.4m3/t; and gas pressures are in the range of  0.8-0.95MPa with the 
average value 0.88MPa, so this area has coal and gas outburst hazard. In order to check the validity of 
hydraulic flushing, residual gas contents and gas pressures of the middle area between boreholes are 
measured again at the suitable site in floor roadway in compliance with the requirement of Regulations on 
Coal and Gas Outburst Prevention and Control. The results show that the coal seam gas pressure is zero 
and the average coal seam gas content is 3.6m3/t, well below the gas content critical value of 8.0m3/t.  
And it is a 61.7% fall when it is compared with the original gas content of the coal seam. The data show 
that there is no coal and gas outburst hazard in the area after hydraulic flushing. 
Table 1 Gas pressures and gas contents by indirect measurement at the panelYX001  
Sampling location Mad (%) Aad (%) Vf (%) Gas content (m3/t) 
Calculated  gas pressure 
(MPa) 
3# site (right) 0.65 11.61 11.34 9.0 1.07 
3# site (left) 0.66 54.61 26.16 8.99 1.03 
5# site (right) 0.63 13.45 12.45 9.87 1.23 
5# site (left) 0.64 10.28 11.51 8.93 1.04 
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4. Conclusions 
Borehole flow measurement and pressure measurement methods were carried out to determine the 
pressure relief scope caused by hydraulic flushing. The results by the different methods are almost 
identical and the radius of the pressure relief scope lie in the range of 7.6-8.0m, which has been validated 
by residual gas content and gas pressure measurement. The exclusive methods developed in the research 
could be utilized as the guidance for the future optimization of parameters for hydraulic flushing borehole 
arrangement. 
The data from onsite validation testing indicated that the effects of coal seam pressure relieve and 
permeability improvement is very obvious. With the implementation of hydraulic flushing, coal seam 
permeability increased dramatically, which is an indication of moved coal seam, redistributed stress, and 
increased fissures. As a result, coal seam gas desorbed and migrated to the holes, so that gas pressure and 
gas content decreased to a level that would not make the coal seam outburst potential. 
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